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Table 1. Extraction of groundwater resources for agricultural water needs
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Fig. 2. Distribution of semi-deep, deep wells, springs and aqueducts within the Ardabil plain
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Table 2. Sampling point and coordinates of observation wells in Ardabil plain along with their water table
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Table 3. Linguistic scales to express the degree of fuzzy significance
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Fig. 3. Fuzzy Dematel method process algorithm
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Table 4. Linguistic variables and corresponding fuzzy numbers (16)
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Abstract

Background and Objective In recent years, due to
climate change and drought, as well as the lack of
supervision in digging agricultural wells, many of the
country's aquifers have been harvested improperly,
which has led to a negative balance of these aquifers
to the extent that, according to the Geological Survey,
most of the country's plains have experienced a drop
in groundwater levels. Today, the study, planning and
planning to reduce the risks of natural hazards is one
of the main issues of officials and planners of
countries. One of the hazards that are less considered
due to gradual performance is the phenomenon of
subsidence, which in recent years due to increased use
of important aquifers in the plains of the country has
become a pervasive problem. In this research, an
attempt has been made to investigate the possibility of
subsidence and its possible dangers as a threat to
human projects as well as rural settlements in the
Ardabil plain.
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Materials and Methods The study area of Ardabil
plain is located between the latitude of thirty-eight
degrees and thirty minutes north latitude to thirty-eight
degrees and thirty minutes and the longitude of east
geography forty-eight degrees and fifteen minutes to
forty-eight degrees and thirty-five minutes in the
northwestern part of Ardabil province. To investigate
the groundwater status of the plain, data from 38
observation wells prepared by the Ardabil Regional
Water Organization and located at the plain level have
been used. First, using 30-year statistics of 65
observation wells and GIS, a water potential drop map
for the region was prepared. Then, using fuzzy
Dematel model, experts' opinions were collected and
modeled. This method is one of the conceptual
methods for structuring decision problems. The
Dematel technique is based on graph theory, and in
this way we can divide the criteria into two groups of
cause and effect criteria to gain a better understanding
of the cause-and-effect relationship and finally be able
to create a network of interrelationships. Finally, after
creating the general relationship matrix and according
to the defined threshold size, we create the final
relationship matrix in which the number zero means
no relationship and the number one means the
relationship between two criteria. Using the final
relations matrix, we conduct a survey of experts on the
extent to which factors affect each other with respect
to their interdependence.
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After the data was obtained from the relevant
organizations, a database was created for the
information in the ArcCatalog software environment,
and then maps related to this data were created in
ArcGIS software. After the weights of the different
layers were obtained using the fuzzy network analysis
method, they entered the ArcGIS software and
multiplied the weights of each sub-criterion in the map
we created for each layer and finally gathered the
maps together to get a final map Came. The final map
shows the areas of Ardabil plain that are classified in
terms of subsidence risk and in five categories in
terms of danger status were shown with color
spectrum. Then, the area with severe water loss was
selected and compared with the scattering map of deep
wells. In the last step, using advanced and fuzzy
hybrid models and network analysis in the software
environment of GIS, each of the layers of sediment
sensitivity and water level drop membership is
determined and using fuzzy linear overlap, the area
sensitivity map to subsidence in five classes of very
sensitivity High, high sensitivity, medium sensitivity,
low sensitivity and very low sensitivity were prepared.
To prepare the final map of subsidence risk status in
Ardabil plain, first the obtained weights for each sub-
factor were multiplied in the fuzzy maps of that sub-
factor and then these weighted maps were aggregated
using the Raster Calculator tool. The final fuzzy map
of subsidence risk assessment of Ardabil plain is
changing with the color spectrum changes from blue,
which represents the lowest, to red, which represents
the highest. The blue color indicates low risk areas
and the red color indicates high risk areas in terms of
subsidence risk in Ardabil plain and villages located in
this area.

Results and Discussion After obtaining the initial
plan to assess the subsidence risk status and areas at
risk of subsidence in Ardabil plain, the final map to
assess the status of Ardabil plain in terms of land
subsidence risk has been prepared according to the

weights and layers obtained. Since all the base layer
maps were reclassified into five layers and the weight
corresponding to each layer was given according to
the condition of the layers, the final map was
classified and weighted into five layers, which
according to experts and professors is as follows; 1)
Low risk areas, 2) Medium risk areas, 3) High risk, 4)
Damaged areas, 5) Critical areas. Finally, using the
final map of Ardabil plain subsidence risk assessment,
as well as the ranking obtained from the opinions of
relevant experts, the final map of Ardabil plain
subsidence risk analysis was prepared. Also, the map
of deep wells in Ardabil plain and its distribution in
rural areas, it can be seen that the highest distribution
and concentration of deep wells in the eastern part of
the plain is in Wilkij e Markazi and Fooladloo e
Shomali villages. This situation shows the scattering
position of deep wells showing the proportionality of
the scattering of deep wells in areas at risk of
subsidence.

Conclusion Wilkij e Markazi, Fooladloo ¢ Shomali,
and Fooladloo e Sharghi have the highest levels of
vulnerability in terms of subsidence risk status. The
critical situation of landslide risk is the highest in
these three villages. Also, Kalkhoran and Aghbalagh
Aqajan Khan villages are moving from a moderate to
a vulnerable situation, which requires more care in
managing and planning the water resources of these
villages. Also, there is a strong relationship between
the distribution of deep wells in the Ardabil plain and
areas at high risk of subsidence. Also, according to the
results obtained the groundwater status sub-criterion
with a weight of 0.38 has the greatest impact on the
subsidence risk of Ardabil plain. This weight shows
the high impact of this sub-criterion by examining
other layers related to groundwater status and
population dispersion layer.
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